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1
CONTROL CIRCUIT AND INTERLEAVED
POWER SUPPLY INCLUDING THAT
CONTROL CIRCUIT

TECHNICAL FIELD

The present invention relates to a control circuit that con-
trols an interleaved power supply, and an interleaved power
supply including that control circuit, which are unlikely to be
affected by a variation among components and are suitable
for mass production.

Priority is claimed on Japanese Patent Application No.
2011-252579, filed Nov. 18, 2011, the content of which is
incorporated herein by reference.

BACKGROUND ART

One of interleaved switching-mode power supplies of
related art is disclosed in FIG. 1 of Patent Document 1.
Regarding the interleaved switching-mode power supply of
the related art, for example, each of two critical-mode boost-
chopper converters includes a control circuit that controls
on/off of a switch element provided between the other termi-
nal of a transformer and a ground. The control circuit of the
first critical-mode boost-chopper converter generates an on-
timing of the switch element of the first critical-mode boost-
chopper converter based on the voltage of a control coil of the
first critical-mode boost-chopper converter. The control cir-
cuit ofthe second critical-mode boost-chopper converter gen-
erates an on-timing of the switch element of the second criti-
cal-mode boost-chopper converter at the timing at which the
switch element of the first critical-mode boost-chopper con-
verter turns off.

The interleaved switching-mode power supply disclosed in
FIG. 1 of Patent Document 1 has the configuration such that
FB terminals of the two critical-mode boost-chopper convert-
ers are commonly coupled and GND terminals thereof are
commonly coupled, thereby achieving the interleaved
switching-mode power supply that can be controlled by the
extremely simple configuration.

In such the system having the above configuration that the
FB terminals of the two critical-mode boost-chopper convert-
ers are commonly coupled and GND terminals thereof are
commonly coupled, it is necessary to use the control circuits
for the first and second critical-mode boost-chopper convert-
ers that have substantially approximate relationships between
the voltage of the FB terminal (VFB) and the on-interval of
the switch element Q31 (TON) as shown in FIG. 4 of Patent
Document 1.

CITATION LIST
Patent Document

[Patent Document 1] Japanese Patent Unexamined Applica-
tion, First Publication No. 2009-261229

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

However, if control circuits not having approximate rela-
tionships between the voltage of the FB terminal (VFB) and
the on-interval of the switch element Q31 (TON) are used, the
on-intervals of the first and second critical-mode boost-chop-
per converters are unbalanced. Consequently, critical current
operation of the second critical-mode boost-chopper con-
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2

verter cannot be maintained, thereby making it likely to cause
a decrease in power factor, an increase in the ripple of the
output voltage, an increase in noise, and an increase in choke
noise. For this reason, it is impossible for the interleaved
switching-mode power source of the related art to automati-
cally make the on-intervals of switching currents of the first
and second critical-mode boost-chopper converters identical
to each other, thereby making it likely to necessitate screening
at the time of mass production. Accordingly, particularly in a
case where two or more critical-mode boost-chopper convert-
ers are used to constitute a multi-stage critical-current inter-
leaved switching-mode power supply, there has been a prob-
lem with mass production.

In view of these situations, an object of one aspect of the
present invention is to provide a control circuit that controls
an interleaved power supply, and an interleaved power supply
including that control circuit, which are unlikely to be
affected by a variation among components and are suitable
for mass production.

Means for Solving the Problems

One aspect of the present invention proposes the following.

One aspect of the present invention proposes a control
circuit for an interleaved power supply. The interleaved
power supply includes: a master converter including a master
switch configured to perform switching operation; and a slave
converter including a slave switch configured to perform
switching operation while maintaining a predetermined
phase difference with respect to the switching operation of the
master switch. The master converter and the slave converter
have a master-slave relationship. The control circuit is con-
figured to control the switching operation of the slave switch.
The control circuit includes, but is not limited to: a clock
generator configured to generate a clock pulse having a pre-
determined frequency; a signal doubler configured to gener-
ate a master switch on-interval pulse signal indicating infor-
mation concerning an on-interval of the master switch based
on the clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, and generate
a doubled duty pulse signal having a duty that is double that
of the master switch on-interval pulse signal; an edge pulse
generator configured to generate a first edge pulse signal
based on the master drive pulse signal, and generate a second
edge pulse signal based on the doubled duty pulse signal; and
a slave drive pulse signal generator configured to generate,
based on the first edge pulse signal and the second edge pulse
signal, a slave drive pulse signal that switch-drives the slave
switch so that an on-interval of the slave switch is identical to
an on-interval of the master switch.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the signal doubler generates a master
switch on-interval pulse signal indicating information con-
cerning an on-interval of the master switch based on the clock
pulse and a master drive pulse signal that switch-drives the
master switch of the master converter, and generate a doubled
duty pulse signal having a duty that is double that of the
master switch on-interval pulse signal. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signal. The slave drive
pulse signal generator generates, based on the first edge pulse
signal and the second edge pulse signal, a slave drive pulse
signal that switch-drives the slave switch so that an on-inter-
val of the slave switch is identical to an on-interval of the
master switch.
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One aspect of the present invention proposes the control
circuit such that the first edge pulse signal is generated in
synchronization with a negative edge timing of the master
drive pulse signal or a timing of the first clock pulse after the
negative edge timing of the master drive pulse signal.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal.

One aspect of the present invention proposes the control
circuit such that the second edge pulse signal is generated in
synchronization with a negative edge timing of the doubled
duty pulse signal.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with a
negative edge timing of the doubled duty pulse signal.

One aspect of the present invention proposes an interleaved
power supply including: a master converter including a mas-
ter switch configured to perform switching operation; a slave
converter including a slave switch configured to perform
switching operation while maintaining a predetermined
phase difference with respect to the switching operation of the
master switch; and a control circuit configured to control the
switching operation of the slave switch. The master converter
and the slave converter have a master-slave relationship. The
control circuit includes, but is not limited to: a clock generator
configured to generate a clock pulse having a predetermined
frequency; a signal doubler configured to generate a master
switch on-interval pulse signal indicating information con-
cerning an on-interval of the master switch based on the clock
pulse and a master drive pulse signal that switch-drives the
master switch of the master converter, and generate a doubled
duty pulse signal having a duty that is double that of the
master switch on-interval pulse signal; an edge pulse genera-
tor configured to generate a first edge pulse signal based on
the master drive pulse signal, and generate a second edge
pulse signal based on the doubled duty pulse signal; and a
slave drive pulse signal generator configured to generate,
based on the first edge pulse signal and the second edge pulse
signal, a slave drive pulse signal that switch-drives the slave
switch so that an on-interval of the slave switch is identical to
an on-interval of the master switch.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the signal doubler generates a master
switch on-interval pulse signal indicating information con-
cerning an on-interval of the master switch based on the clock
pulse and a master drive pulse signal that switch-drives the
master switch of the master converter, and generate a doubled
duty pulse signal having a duty that is double that of the
master switch on-interval pulse signal. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signal. The slave drive
pulse signal generator generates, based on the first edge pulse
signal and the second edge pulse signal, a slave drive pulse
signal that switch-drives the slave switch so that an on-inter-
val of the slave switch is identical to an on-interval of the
master switch.

One aspect of the present invention proposes the inter-
leaved power supply such that the first edge pulse signal is
generated in synchronization with a negative edge timing of
the master drive pulse signal or a timing of the first clock pulse
after the negative edge timing of the master drive pulse signal.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
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4

tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal.

One aspect of the present invention proposes the inter-
leaved power supply such that the second edge pulse signal is
generated in synchronization with a negative edge timing of
the doubled duty pulse signal.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with a
negative edge timing of the doubled duty pulse signal.

One aspect of the present invention proposes a control
circuit for an interleaved power supply. The interleaved
power supply includes: a master converter including a master
switch configured to perform switching operation; and a slave
converter including a slave switch configured to switch while
maintaining a predetermined phase difference with respect to
the switching operation of the master switch. The master
converter and the slave converter have a master-slave rela-
tionship. The control circuit is configured to control switch-
ing operation of the slave switch. The control circuit includes,
but is not limited to: a clock generator configured to generate
a clock pulse having a predetermined frequency; a divided
signal doubler configured to: generate a master switch on-
interval pulse signal indicating information concerning an
on-interval of the master switch based on the clock pulse and
a master drive pulse signal that switch-drives the master
switch of the master converter; generate n divided signals
each having a frequency and a duty ratio that are 1/n times
those of the master switch on-interval pulse signal (wheren is
an integer that is 2 or more), and generate doubled duty pulse
signals each having a duty that is double that of each of the
divided signals; an edge pulse generator configured to gener-
ate a first edge pulse signal based on the master drive pulse
signal, and generate a second edge pulse signal based on the
doubled duty pulse signals; and a slave drive pulse signal
generator configured to generate, based on the first edge pulse
signal and the second edge pulse signal, a slave drive pulse
signal that switch-drives the slave switch so that an on-inter-
val of the slave switch is identical to an on-interval of the
master switch.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the divided signal doubler generates
a master switch on-interval pulse signal indicating informa-
tion concerning an on-interval of the master switch based on
the clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, generates n
divided signals each having a frequency and a duty ratio that
are 1/n times those of the master switch on-interval pulse
signal (where n is an integer that is 2 or more), and generates
doubled duty pulse signals each having a duty that is double
that of each of the divided signals. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signals. The slave
drive pulse signal generator generates, based on the first edge
pulse signal and the second edge pulse signal, a slave drive
pulse signal that switch-drives the slave switch so that an
on-interval of the slave switch is identical to an on-interval of
the master switch.

One aspect of the present invention proposes the control
circuit such that the first edge pulse signal is generated in
synchronization with a negative edge timing of the master
drive pulse signal or a timing of the first clock pulse after the
negative edge timing of the master drive pulse signal.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
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tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal.

One aspect of the present invention proposes the control
circuit such that the second edge pulse signal is generated in
synchronization with negative edge timings of the doubled
duty pulse signals.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with
negative edge timings of the doubled duty pulse signals.

One aspect of the present invention proposes an interleaved
power supply including: a master converter including a mas-
ter switch configured to perform switching operation; a slave
converter including a slave switch configured to switching
operation while maintaining a predetermined phase difter-
ence with respect to the switching operation of the master
switch; and a control circuit configured to control the switch-
ing operation of the slave switch. The master converter and
the slave converter have a master-slave relationship. The con-
trol circuit includes, but is not limited to: a clock generator
configured to generate a clock pulse having a predetermined
frequency; a divided signal doubler configured to generate a
master switch on-interval pulse signal indicating information
concerning an on-interval of the master switch based on the
clock pulse and a master drive pulse signal that switch-drives
the master switch of the master converter, generate n divided
signals each having a frequency and a duty ratio that are 1/n
times those of the master switch on-interval pulse signal
(where nis an integer that is 2 or more), and generate doubled
duty pulse signals each having a duty that is double that of
each of the divided signals; an edge pulse generator config-
ured to generate a first edge pulse signal based on the master
drive pulse signal, and generate a second edge pulse signal
based on the doubled duty pulse signals; and a slave drive
pulse signal generator configured to generate, based on the
first edge pulse signal and the second edge pulse signal, a
slave drive pulse signal that switch-drives the slave switch so
that an on-interval of the slave switch is identical to an on-
interval of the master switch.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the divided signal doubler generates
a master switch on-interval pulse signal indicating informa-
tion concerning an on-interval of the master switch based on
the clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, generates n
divided signals each having a frequency and a duty ratio that
are 1/n times those of the master switch on-interval pulse
signal (where n is an integer that is 2 or more), and generates
doubled duty pulse signals each having a duty that is double
that of each of the divided signals. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signals. The slave
drive pulse signal generator generates, based on the first edge
pulse signal and the second edge pulse signal, a slave drive
pulse signal that switch-drives the slave switch so that an
on-interval of the slave switch is identical to an on-interval of
the master switch.

One aspect of the present invention proposes the inter-
leaved power supply such that the first edge pulse signal is
generated in synchronization with a negative edge timing of
the master drive pulse signal or a timing of the first clock pulse
after the negative edge timing of the master drive pulse signal.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
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6

tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal.

One aspect of the present invention proposes the inter-
leaved power supply such that the second edge pulse signal is
generated in synchronization with negative edge timings of
the doubled duty pulse signals.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with
negative edge timings of the doubled duty pulse signals.

Effects of the Invention

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the signal doubler generates a master
switch on-interval pulse signal indicating information con-
cerning an on-interval of the master switch based on the clock
pulse and a master drive pulse signal that switch-drives the
master switch of the master converter, and generate a doubled
duty pulse signal having a duty that is double that of the
master switch on-interval pulse signal. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signal. The slave drive
pulse signal generator generates, based on the first edge pulse
signal and the second edge pulse signal, a slave drive pulse
signal that switch-drives the slave switch so that an on-inter-
val of the slave switch is identical to an on-interval of the
master switch. For this reason, it is possible to make the
on-interval of the switching current of the slave switch sub-
stantially identical to the on-interval of the switching current
of the master switch. Thus, it is possible to easily achieve a
control circuit that controls an interleaved power supply,
which is unlikely to be affected by a variation among com-
ponents and is suitable for mass production.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal. For this reason, it is possible to
accurately and reliably make the on-interval of the switching
current of the slave switch substantially identical to the on-
interval of the switching current of the master switch. Par-
ticularly, the method of generating the first edge pulse signal
in synchronization with the timing of the first clock pulse after
the negative edge timing of the master drive pulse signal is a
method such that the end point of the master drive pulse signal
is synchronized with the timing of the clock pulse. For this
reason, it is possible to generate the slave switching drive
pulse signal more accurately than in the case of using the
method of generating the first edge pulse signal in synchro-
nization with the negative edge timing of the master drive
pulse signal.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with a
negative edge timing of the doubled duty pulse signal. For this
reason, it is possible to accurately and reliably make the
on-interval of the switching current of the slave switch iden-
tical to the on-interval of the switching current of the master
switch.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the signal doubler generates a master
switch on-interval pulse signal indicating information con-
cerning an on-interval of the master switch based on the clock
pulse and a master drive pulse signal that switch-drives the
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master switch of the master converter, and generate a doubled
duty pulse signal having a duty that is double that of the
master switch on-interval pulse signal. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signal. The slave drive
pulse signal generator generates, based on the first edge pulse
signal and the second edge pulse signal, a slave drive pulse
signal that switch-drives the slave switch so that an on-inter-
val of the slave switch is identical to an on-interval of the
master switch. For this reason, it is possible to make the
on-interval of the switching current of the slave switch sub-
stantially identical to the on-interval of the switching current
of the master switch. Thus, it is possible to easily achieve an
interleaved power supply which is unlikely to be affected by
a variation among components and is suitable for mass pro-
duction.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal. For this reason, it is possible to
accurately and reliably make the on-interval of the switching
current of the slave switch substantially identical to the on-
interval of the switching current of the master switch. Par-
ticularly, the method of generating the first edge pulse signal
in synchronization with the timing of the first clock pulse after
the negative edge timing of the master drive pulse signal is a
method such that the end point of the master drive pulse signal
is synchronized with the timing of the clock pulse. For this
reason, it is possible to generate the slave switching drive
pulse signal more accurately than in the case of using the
method of generating the first edge pulse signal in synchro-
nization with the negative edge timing of the master drive
pulse signal.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with a
negative edge timing of the doubled duty pulse signal. For this
reason, it is possible to accurately and reliably make the
on-interval of the switching current of the slave switch iden-
tical to the on-interval of the switching current of the master
switch.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the divided signal doubler generates
a master switch on-interval pulse signal indicating informa-
tion concerning an on-interval of the master switch based on
the clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, generates n
divided signals each having a frequency and a duty ratio that
are 1/n times those of the master switch on-interval pulse
signal (where n is an integer that is 2 or more), and generates
doubled duty pulse signals each having a duty that is double
that of each of the divided signals. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signals. The slave
drive pulse signal generator generates, based on the first edge
pulse signal and the second edge pulse signal, a slave drive
pulse signal that switch-drives the slave switch so that an
on-interval of the slave switch is identical to an on-interval of
the master switch. For this reason, it is possible to make the
on-interval of the switching current of the slave switch sub-
stantially identical to the on-interval of the switching current
of the master switch even when the duty of the switching
operation of the master converter varies. Thus, itis possible to
easily achieve a control circuit that controls an interleaved
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power supply, which is unlikely to be affected by a variation
among components and is suitable for mass production.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal. For this reason, it is possible to
accurately and reliably make the on-interval of the switching
current of the slave switch substantially identical to the on-
interval of the switching current of the master switch even
when the duty of the switching operation of the master con-
verter varies. Particularly, the method of generating the first
edge pulse signal in synchronization with the timing of the
first clock pulse after the negative edge timing of the master
drive pulse signal is a method such that the end point of the
master drive pulse signal is synchronized with the timing of
the clock pulse. For this reason, it is possible to generate the
slave switching drive pulse signal more accurately than in the
case of using the method of generating the first edge pulse
signal in synchronization with the negative edge timing of the
master drive pulse signal.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with
negative edge timings of the doubled duty pulse signals. For
this reason, it is possible to accurately and reliably make the
on-interval of the switching current of the slave switch iden-
tical to the on-interval of the switching current of the master
switch even when the duty of the switching operation of the
master converter varies.

According to one aspect of the present invention, the clock
generator generates a clock pulse having a predetermined
frequency. Additionally, the divided signal doubler generates
a master switch on-interval pulse signal indicating informa-
tion concerning an on-interval of the master switch based on
the clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, generates n
divided signals each having a frequency and a duty ratio that
are 1/n times those of the master switch on-interval pulse
signal (where n is an integer that is 2 or more), and generates
doubled duty pulse signals each having a duty that is double
that of each of the divided signals. Further, the edge pulse
generator generates a first edge pulse signal based on the
master drive pulse signal, and generates a second edge pulse
signal based on the doubled duty pulse signals. The slave
drive pulse signal generator generates, based on the first edge
pulse signal and the second edge pulse signal, a slave drive
pulse signal that switch-drives the slave switch so that an
on-interval of the slave switch is identical to an on-interval of
the master switch. For this reason, it is possible to make the
on-interval of the switching current of the slave switch sub-
stantially identical to the on-interval of the switching current
of the master switch even when the duty of the switching
operation of the master converter varies. Thus, it is possible to
easily achieve an interleaved power supply which is unlikely
to be affected by a variation among components and is suit-
able for mass production.

According to one aspect of the present invention, the first
edge pulse signal is generated in synchronization with a nega-
tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal. For this reason, it is possible to
accurately and reliably make the on-interval of the switching
current of the slave switch substantially identical to the on-
interval of the switching current of the master switch even
when the duty of the switching operation of the master con-
verter varies. Particularly, the method of generating the first
edge pulse signal in synchronization with the timing of the
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first clock pulse after the negative edge timing of the master
drive pulse signal is a method such that the end point of the
master drive pulse signal is synchronized with the timing of
the clock pulse. For this reason, it is possible to generate the
slave switching drive pulse signal more accurately than in the
case of using the method of generating the first edge pulse
signal in synchronization with the negative edge timing of the
master drive pulse signal.

According to one aspect of the present invention, the sec-
ond edge pulse signal is generated in synchronization with
negative edge timings of the doubled duty pulse signals. For
this reason, it is possible to accurately and reliably make the
on-interval of the switching current of the slave switch iden-
tical to the on-interval of the switching current of the master
switch even when the duty of the switching operation of the
master converter varies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit diagram illustrating a configuration of an
interleaved power supply including a control circuit accord-
ing to an embodiment of the present invention.

FIG. 2 is a circuit diagram illustrating a configuration of a
control circuit according to a first embodiment of the present
invention.

FIG. 3 is a timing chart illustrating operation of the control
circuit 605 shown in FIG. 2

FIG. 4 is a circuit diagram illustrating a modified example
of the control circuit 605 shown in FIG. 2.

FIG. 5 is a timing chart illustrating the operation of the
control circuit 605 shown in FIG. 4.

FIG. 6 is a timing chart illustrating operation of the inter-
leaved switching-mode power supply shown in FIG. 1.

FIG. 7 is a timing chart illustrating operation of the control
circuit 605 and the interleaved power supply 1 according to
the first embodiment in a case where the duty of the master
drive pulse signal shown in FIG. 2 is greater than or equal to
50%.

FIG. 8 is a circuit diagram illustrating a configuration of a
control circuit according to a second embodiment of the
present invention.

FIG. 9 is a timing chart illustrating operation of the control
circuit 605 shown in FIG. 8.

FIG.10is a circuit diagram illustrating a modified example
of the control circuit 605 shown in FIG. 8.

FIG. 11 is a timing chart illustrating operation of the con-
trol circuit 605 shown in FIG. 10

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, embodiments of the present invention are
explained with reference to drawings. Here, constituent ele-
ments of the present embodiment may be appropriately
replaced with existing constituent elements and like, and
various variations including combinations of the constituent
elements of the present embodiment and other existing con-
stituent elements may be made. Accordingly, the claimed
invention is not limited to the present embodiment.
(Connection of Interleaved Power Supply)

FIG.11is adiagram illustrating connection of an interleaved
power supply including a control circuit according to an
embodiment of the present invention. As shown in FIG. 1, the
control circuit according to the present embodiment includes:
a master converter 70 including a master switch Q1 that
performs switching operation; and a slave converter 80
including a slave-switch Q2 that performs switching opera-
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tion while maintaining a predetermined phase difference with
respect to the switching operation of the master switch Q1.
The control circuit is used for an interleaved switching-mode
power supply 1 including a multi-stage converter including
multiple converters having the master-slave relationship. As
shown in FIG. 1, the interleaved switching power supply 1
includes: a rectifier circuit 10; the master converter 70; the
slave converter 80; and a slave converter 90.

In the configuration shown in FIG. 1, a control circuit 60a
and a control circuit 605 have a master-slave relationship such
that the control circuit 60a serves as a master-converter-side
control circuit, and the control circuit 605 serves as a slave-
converter-side control circuit. Additionally, a control circuit
605 and a control circuit 60c have a master-slave relationship
such that the control circuit 605 serves as a master-converter-
side control circuit, and the control circuit 60c¢ serves as a
slave-converter-side control circuit. In other words, the mas-
ter converter 70 and the slave converter 80 have a relationship
such that the master converter 70 is on the master converter
side, and the slave converter 80 is on the slave converter side.
Additionally, the slave converter 80 and the slave converter 90
have a relationship such that the slave converter 80 is on the
master converter side, and the slave converter 90 is on the
slave converter side. Here, the interleaved switching-mode
power supply 1 shown in FIG. 1 is a three-stage interleaved
power supply. However, an additional slave-converter may be
provided to form a master-slave relationship such that the
slave converter 90 is on the master converter side. For easy
understanding of explanation, explanation is given focusing
on the relationship between the control circuit 60a and the
control circuit 605.

The rectifier circuit 10, for example, full-wave rectifies
alternate current of a commercial power supply. The rectifier
circuit 10 includes: a bridge diode BD that rectifies the current
that is full-wave rectified; and a capacitor C1. The master
converter 70, the slave converter 80, and the like are coupled
to the rectifier circuit 10. FIG. 1 shows a case where the
master converter 70, the slave converter 80, and the like are
constituted by boost-chopper circuits.

The master converter 70 includes: a transformer 20; a mas-
ter switch Q1; a diode D1; a capacitor C2; a control circuit
60a; a driver DR1; a resistor R1; and a resistor R2. The slave
converter 80 includes: a choke coil L.3; a slave switch Q2; a
diode D2; and a control circuit 605.

The transformer 20 includes: a choke coil L.1; a control coil
L2; and a magnetic core (not shown). The transformer 20
stores energy corresponding to the difference between the
input and output voltages in the choke coil L1 when the
master switch Q1 is on, and supplies the energy stored in the
choke coil L1 to a load when the master switch Q1 is off. The
control coil L2 supplies to a VZ terminal of the control circuit
60qa, a signal corresponding to current flowing through the
choke coil LL1. This signal becomes a trigger signal for turning
on the master switch Q1.

The control circuit 60a is configured to control the on-
timing and on-interval of the master switch Q1 based on the
signals input to the VZ terminal and the FB terminal.

In other words, the VZ terminal of the control circuit 60a is
coupled to the control coil [.2 of the transformer 20, and a
signal corresponding to the current flowing through the choke
coil L1 is input to the control circuit 60a. Accordingly, the
control circuit 60a turns on the master switch Q1 at the timing
at which the current flowing through the choke coil L1
becomes zero, thus enabling the critical operation.

The switching control of the master switch Q1 is per-
formed by a drive pulse signal from a terminal II,_OUT ofthe
control circuit 60a being input to the control terminal of the
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master switch Q1 via the driver DR1. Additionally, the resis-
tors R1 and R2 for detecting the output voltage are coupled to
the FB terminal of the control circuit 60a. When a divided
voltage value of the output voltage divided by the resistors R1
and R2 becomes greater than a predetermined voltage, the
control circuit 60a controls the on-interval of the master
switch Q1 to be decreased.

Configuration of Control Circuit 605 as First
Embodiment

Next, a configuration of the slave-converter-side control
circuit 605 (first embodiment) is explained with reference to
FIG. 2.

FIG.2is acircuit diagram illustrating a configuration of the
control circuit according to the first embodiment of the
present invention. The control circuit 605 is used for an inter-
leaved power supply having the master-slave relationship as
shown in FIG. 1.

As shown in FIG. 2, the control circuit 605 includes: a
clock generator 110; a signal doubler 120; an edge pulse
generator 150; and a slave drive pulse signal generator 180.

The clock generator 110 is configured to generate a clock
pulse having a predetermined frequency. The frequency of the
clock pulse generated by the clock generator 110 is preferably
set to be approximately 15 MHz when the design is such that
the master switch Q1 and the slave switch Q2 perform switch-
ing at 50 kHz to 500 kHz. Thereby, it is possible to make an
on-interval signal of the slave drive pulse signal substantially
identical to that of the master drive pulse signal, thereby
stabilizing the critical current operation of the slave converter
80. Thus, the frequency of the clock pulse is set to be suffi-
ciently high compared to the switching frequencies of the
master switch Q1 and the slave switch Q2, thereby making the
critical current operation of the slave converter 80 more reli-
able.

The signal doubler 120 includes, for example, a master
switch on-interval pulse generation circuit 130 and a doubled
duty pulse signal generator 140. The signal doubler 120 is
configured to generate a master switch on-interval pulse sig-
nal C indicating information concerning the on-interval of the
master switch Q1, based on a master drive pulse signal A that
switch-drives the master switch Q1 and a clock pulse B, and
generate a doubled duty pulse signal D having the time inter-
val that is double that of the master switch on-interval pulse
signal C.

The master switch on-interval generation circuit 130 in the
signal doubler 120 can be easily designed if constituted by,
for example, a D flip-flop 131. A configuration is made such
that a master drive pulse signal A is input to a first input
terminal D of the D flip-flop 131, and a clock pulse B gener-
ated by the clock generator 110 is input to a second input
terminal CLK. Additionally, an output terminal Q of the D
flip-flop 131 is coupled to an input terminal UP/DOWN of an
up-down counter 141. The master switch on-interval pulse
generator 130 is configured to generate a master switch on-
interval pulse signal C based on the master drive pulse signal
A that switch-drives the master switch Q1 and the clock pulse
B.

The doubled duty pulse signal generator 140 can be easily
designed if constituted by, for example, an up-down counter
141 that can count by adding and subtracting values sequen-
tially, and an OR circuit 142. A configuration is made such
that a master switch on-interval pulse signal C generated by
the master switch on-interval pulse generation circuit 130 is
input to a first input terminal UP/DOWN of the up-down
counter 141. Additionally, A configuration is made such that
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the clock pulse B generated by the clock generator 110 is
input to a second input terminal CLK of the up-down counter
141.

Further, counter outputs Q (Q0 to Qn) of the up-down
counter 141 are coupled to respective inputs of the OR circuit
142, and outputs thereof are coupled to the edge pulse gen-
erator 150. The up-down counter 141 is configured to gener-
ate a doubled duty pulse signal D having a time interval that
is double that of the master switch on-interval pulse signal C,
based on the input master switch on-interval pulse signal C
and the input clock pulse B.

The edge pulse generator 150 includes, for example, a first
edge pulse signal generation circuit 160 and a second edge
pulse signal generation circuit 170. The edge pulse generator
150 is configured to generate a first edge pulse signal E based
onthe master drive pulse signal A, and generate a second edge
pulse signal F based on the doubled duty pulse signal D.

A configuration is made such that the first edge pulse signal
E is generated in synchronization with the negative edge
timing of the master drive pulse signal A or the timing of the
clock pulse B that first occurs after the negative edge timing of
the master drive pulse signal A. A configuration may be made
as shown in FIG. 2 in order for the first edge pulse signal E to
be generated in synchronization with the negative edge tim-
ing of the master drive pulse signal A. Additionally, a con-
figuration may be made as shown in FIG. 4 in order for the
first edge pulse signal E to be generated in synchronization
with the timing of the clock pulse B that first occurs after the
negative edge timing of the master drive pulse signal A.

A configuration is made such that the second edge pulse
signal F is generated in synchronization with the negative
edge timing of the doubled duty pulse signal D.

Additionally, a configuration is made such that the first
edge pulse signal E is generated in synchronization with the
positive edge timing of the master drive pulse signal A or the
timing of'the first clock pulse after the positive edge timing of
the master drive pulse signal A. The second edge pulse signal
F may be generated in synchronization with the positive edge
timing of the doubled duty pulse signal D.

A configuration is made such that the slave drive pulse
signal G has a start point at the timing at which the first edge
pulse signal E occurs and an end point at the timing at which
the second edge pulse signal F occurs.

Alternatively, the slave drive pulse signal G may have a
start point at the timing at which the second edge pulse signal
F occurs and an end point at the timing at which the first edge
pulse signal E occurs.

The edge pulse generator 150 is configured to include, for
example, two input terminals and two output terminals. A
configuration is made such that the master drive pulse signal
A input via the terminal I[._IN is input to one of the input
terminals of the edge pulse generator 150 (an input unit of the
first edge pulse signal generation circuit 160).

A configuration is made such that the doubled duty pulse
signal D generated by the doubled duty pulse signal generator
140 is input to the other one of the input terminals of the edge
pulse generator 150 (an input unit of the second edge pulse
signal generation circuit 170). One of the output terminals of
the edge pulse generator 150 is coupled to a first input termi-
nal TM1 of the slave drive pulse signal generator 180. The
other one of the output terminals of the edge pulse generator
150 is coupled to a second input terminal TM2 of the slave
drive pulse signal generator 180.

The first edge pulse signal generation circuit 160 includes:
a switch 161; a switch 162; a capacitor element 163; an
inverter 164; an inverter 165; an AND circuit 166; and a
constant current source 167. The first edge pulse signal gen-
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eration circuit 160 shown in FIG. 2 is configured to output a
narrow pulse at a falling edge of the input master drive pulse
signal A, and input the narrow pulse as the first edge pulse
signal E to the first input terminal TM1 of'the slave drive pulse
signal generator 180. Additionally, the first edge pulse signal
generation circuit 160 shown in FIG. 4 as will be explained
later is configured to output a narrow pulse at a falling edge of
the input master switch on-interval pulse signal C, and input
the narrow pulse as the first edge pulse signal E to the first
input terminal TM1 of the slave drive pulse signal generator
180.

The second edge pulse signal generation circuit 170
includes, for example: a switch 171; a switch 172; a capacitor
element 173; an inverter 174; an inverter 175; an AND circuit
176; and a constant current source 177. The second edge pulse
signal generation circuit 170 is configured to output a narrow
pulse at a falling edge of the input doubled duty pulse signal
D, and input the narrow pulse as the second edge pulse signal
F to the second input terminal TM2 of the slave drive pulse
signal generator 180.

The slave drive pulse signal generator 180 is configured to
generate, based on the first edge pulse signal E and the second
edge pulse signal F, a slave drive pulse signal G that switch-
drives the slave switch Q2 so that the on-interval of the slave
switch Q2 is identical to the on-interval of the master switch
Q1.

The slave drive pulse signal generator 180 includes, for
example, a flip-flop circuit 181. A set terminal S of the flip-
flop circuit 181 is coupled to an output of the first edge pulse
signal generation circuit 160 via the first input terminal TM1.
A reset terminal R of the flip-flop circuit 181 is coupled to an
output of the second edge pulse signal generation circuit 170
via the second input terminal TM2. A terminal Q of the
flip-flop circuit 181, as the slave drive pulse signal G, is
coupled to the terminal IL._OUT of the control circuit 604.

The flip-flop circuit 181 is configured such that the signal
output from the terminal Q becomes in a HIGH state when the
narrow pulse as the first edge pulse signal E is input to the set
terminal S, and the signal output from the terminal Q becomes
in a LOW state when the narrow pulse as the second edge
pulse signal F is input to the reset terminal R.

Modified Example of First Embodiment

Next, a modified example of the first embodiment with
regard to the configuration of the control circuit 605 is
explained with reference to FIG. 4.

FIG. 4 is a circuit diagram illustrating a modified example
of'the first embodiment with regard to the configuration of the
control circuit 605 shown in FIG. 2. The control circuit 605
shown in F1G. 4 differs from the control circuit 605 shown in
FIG. 2, and modification is made such that the first edge pulse
signal E is generated in synchronization with the timing of the
clock pulse B that first occurs after the negative edge timing of
the master drive pulse signal A. For this reason, in the control
circuit 605 shown in FI1G. 4, the input terminal of the first edge
pulse generation circuit 160 is coupled not to a node of the
master drive pulse signal A (terminal IL._IN) shown in FIG. 4,
but to a node of the master switch on-interval pulse signal C
(output node of the master switch on-interval generation cir-
cuit 130).

Here, the above master switch Q1, the master converter 70,
the slave switch Q2, the slave converter 80, the interleaved
power supply 1, the control circuit 605, the clock generator
110, the signal doubler 120, the edge pulse generator 150, and
the slave drive pulse signal generator 180 respectively corre-
spond a master switch, a master converter, a slave switch, a
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slave converter, an interleaved power supply, a control circuit,
a clock generator, a signal doubler, an edge pulse generator,
and a slave drive pulse signal generator of the present inven-
tion.

Operation of Control Circuit 605 as First
Embodiment

Subsequently, operation of the control circuit 605 of the
first embodiment is explained with reference to FIGS. 3 and 5.

FIG. 3 is a timing chart illustrating the operation of the
control circuit 605 as the first embodiment shown in FIGS. 2.
A, B, C, D, E, F, and G shown in FIG. 3 respectively denote
voltage waveforms of the master drive pulse signal A, the
clock pulse B, the master switch on-interval pulse signal C,
the doubled duty pulse signal D, the first edge pulse signal E,
the second edge pulse signal F, and the slave drive pulse signal
G, which are shown in FIG. 2.

FIG. 5 is a timing chart illustrating the operation of the
control circuit 605 shown in FIGS. 4. A, B, C, D, E,F, and G
shown in FIG. 5 respectively denote voltage waveforms of the
master drive pulse signal A, the clock pulse B, the master
switch on-interval pulse signal C, the doubled duty pulse
signal D, the first edge pulse signal E, the second edge pulse
signal F, and the slave drive pulse signal G, which are shown
in FIG. 2.

The master drive pulse signal A shown in FIG. 3 is syn-
chronized with a signal that drive-controls the master switch
Q1 shown in FIG. 1. Additionally, the clock pulse B shown in
FIG. 3 is set to be, for example, a pulse of the frequency of 15
MHz. The master switch on-interval pulse signal C is gener-
ated as a signal indicating information concerning the on-
interval of the master switch Q1. When the D flip-flop 131 is
used as the master switch on-interval pulse generation circuit
130, the D flip-flop 131 is configured such that an input value
of'the terminal D at the positive edge timing of the clock pulse
input to the CLK terminal is output to the terminal Q.

From time t1 to time t4 shown in FIG. 3, the master switch
on-interval pulse C changes from LOW to HIGH at, for
example, the positive edge timing of the clock pulse B (time
12 shown in FIG. 3) that first occurs after the time when the
master drive pulse signal A becomes HIGH (time t1 shown in
FIG. 3). Then (after time t2 shown in FIG. 3), the master
switch on-interval pulse C changes from HIGHT to LOW at,
for example, the positive edge timing of the clock pulse B
(time t4 shown in FIG. 3) that first occurs after the time when
the master drive pulse signal A becomes LOW (time t3 shown
in FIG. 3).

Thus, the signal doubler 120 generates the master switch
on-interval pulse signal C indicating information concerning
the on-interval of the master switch Q1, based on the master
drive pulse signal A that switch-drives the master switch Q1
of the master converter 70 and the clock pulse B.

Additionally, the signal doubler 120 generates the doubled
duty pulse signal D having the time interval that is double that
of the master switch on-interval pulse signal C. When the
double duty pulse signal generator 140 in the signal doubler
120 is constituted by, for example, the up-down counter 141
orthe OR circuit 142 as shown in FIG. 2, the up-down counter
141 is configured such that signals are output from the termi-
nals Q0,Q1, Q2, ..., Qnassociated with the respective pulses
input to the terminal CLK, and input to the OR circuit 142 in
the interval in which an input value of the UP/DOWN termi-
nal is HIGH (time 12 to time t4 shown in FIG. 3), and thus the
clock pulse B is counted up. For this reason, the doubled duty
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pulse signal D is HIGH in the interval in which the input value
of'the UP/DOWN terminal is HIGH (from time t2 to time t4
shown in FIG. 3).

Then, after the time when the input value of the UP/DOWN
terminal changes from HIGH to LOW (time t4 shown in FIG.
3), the up-down counter 141 counts down the clock pulse B by
the same count number as the count number by which the
clock pulse B has been counted up in the interval in which the
input value of the UP/DOWN terminal is HIGH (from time t2
to time t4 shown in FIG. 3). For this reason, the doubled duty
pulse signal D is HIGH in the same interval (interval T1
shown in FIG. 3) as the interval in which the input value of the
UP/DOWN terminal is HIGH (from time t2 to time t4 shown
in FIG. 3). Consequently, the doubled duty pulse signal D is
a HIGH signal having the time interval (interval T2 shown in
FIG. 3) that is double that of the master switch on-interval
pulse signal C (from time 12 to time t5 shown in FIG. 3).

Thus, the signal doubler 120 generates the doubled duty
pulse signal D having the duty that is double that of the master
switch on-interval pulse signal C.

The edge pulse generator 150 shown in FIG. 2 generates
the first edge pulse signal E based on the master drive pulse
signal A, and generates the second edge pulse signal F based
on the doubled duty pulse signal D. The edge pulse generator
150 shown in FIG. 4 generates the first edge pulse signal E
based on the master switch on-interval pulse C, and generates
the second edge pulse signal F based on the doubled duty
pulse signal D.

In the case of the configuration shown in FIG. 2, the first
edge pulse signal E is generated in synchronization with the
negative edge timing of the master drive pulse signal A (time
3 shown in FIG. 3). Additionally, in the case of the configu-
ration shown in FIG. 4, the first edge pulse signal E is gener-
ated in synchronization with the timing of the clock pulse B
(time t4 shown in FIG. 5) that first occurs after the negative
edge timing of the master drive pulse signal A (time t3 shown
in FIG. 5).

The second edge pulse signal F is generated in synchroni-
zation with the negative edge timing of the doubled duty pulse
signal D (time t5 shown in FIG. 3).

The slave drive pulse signal generator 180 generates the
slave drive pulse signal G based on the first edge pulse signal
E and the second edge pulse signal F. In the case of the
configuration shown in FIG. 2, the slave drive pulse signal G
is a HIGH level signal having a start point at the timing at
which the first edge pulse signal E occurs (time t3 shown in
FIG. 3) and an end point at the timing at which the second
edge pulse signal F occurs (time t5 shown in FIG. 3). Addi-
tionally, in the case of the configuration shown in FIG. 4, the
slave drive pulse signal G is a HIGH level signal having a start
point at the timing at which the first edge pulse signal E occurs
(time t4 shown in FIG. 5) and an end point at the timing at
which the second edge pulse signal F occurs (time t5 shown in
FIG. 5).

Here, in the control circuit 605 shown in FIG. 4, the end
point of the master switch on-interval pulse signal C (time t4
shown in FIG. 5) is synchronized with the timing of the clock
pulse B. For this reason, it is possible to generate the slave
drive pulse signal more accurately than in the case ofusing the
method of generating the first edge pulse E in synchronization
with the negative edge timing of the master drive pulse signal
A (time t3 shown in FIG. 5). Specifically, it is possible to
make the master drive pulse signal A approximate the slave
drive pulse signal G by the interval AT shown in FIG. 5.
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Operation of Interleaved Switching-Mode Power
Supply as First Embodiment

Subsequently, operation of the interleaved switching-
mode power supply 1 shown in FIG. 1 is explained with
reference to FIG. 6.

FIG. 6 is a timing chart illustrating operation of the inter-
leaved switching-mode power supply shown in FIG. 1. If the
control circuit 605 shown in FIG. 2 or 4 is applied to the
interleaved switching-mode power supply 1 shown in FIG. 1,
it is possible to control the choke current IL(M) flowing
through the choke coil L1 and the choke current IL(S) flowing
through the choke coil L3 while maintaining a predetermined
phase difference therebetween. This is because the master
drive pulse signal A and the slave drive pulse signal G are
controlled so that the time intervals thereof are identical (in-
cluding substantially identical) to each other, as shown in
FIGS. 3 and 5.

In order to control the master drive pulse signal A and the
slave drive pulse signal G so that the time intervals thereof are
identical (including substantially identical) to each other, it is
preferable to use the control circuit 605 in accordance with
the specification of the input-output voltages of the power
supply such that switching operation is performed with the
duty of the master drive pulse signal A that is less than 50%.

As explained above, according to the first embodiment, the
clock generator 110 generates the clock pulse B having a
predetermined frequency. Additionally, the signal doubler
120 generates the master switch on-interval pulse signal C
indicating the information concerning the on-interval of the
master switch Q1, based on the master drive pulse signal A
that switch-drives the master switch Q1 of the master con-
verter 70 and the clock pulse B. Thus, the doubled duty pulse
signal D having the duty that is double that of the master
switch on-interval pulse signal C is generated. Further, the
edge pulse generator 150 generates the first edge pulse signal
E based on the master drive pulse signal A and generates the
second edge pulse signal F based on the doubled duty pulse
signal D. Based on the first edge pulse signal E and the second
edge pulse signal F, the slave drive pulse signal generator 180
generates the slave drive pulse signal G that switch-drives the
slave switch Q2 so that the on-interval of the slave switch Q2
is identical to the on-interval of the master switch Q1. For this
reason, it is possible to make the on-intervals of the switching
currents of the master converter 70 and the slave converter 80
substantially identical to each other. Thus, it is possible to
easily achieve the interleaved power supply that is unlikely to
be affected by a variation among components and is suitable
for mass production. Particularly, when the control circuit
605 according to the first embodiment of the present inven-
tion is applied to an interleaved power supply including mul-
tiple converters that perform boost-chopping on a rectified
output of a commercial power source, it is possible to reliably
achieve critical current operation on the slave converter 80
side.

Additionally, according to the first embodiment, the first
edge pulse signal E is generated in synchronization with the
negative edge timing of the master drive pulse signal A or the
timing of the clock pulse B that first occurs after the negative
edge timing of the master drive pulse signal A. Accordingly,
it is possible to accurately and reliably make the on-intervals
of'the switching currents of the master converter and the slave
converter substantially identical to each other. Particularly,
the method of generating the first edge pulse signal E in
synchronization with the timing of the clock pulse B that first
occurs after the negative edge timing of the master drive pulse
signal A is amethod such that the end point of the master drive
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pulse signal A is synchronized with the timing of the clock
pulse B. For this reason, it is possible to generate the slave
switching drive pulse signal G more accurately than in the
case of using the method of generating the first edge pulse
signal E in synchronization with the negative edge timing of
the master drive pulse signal A.

Further, according to the first embodiment, the second edge
pulse signal F is generated in synchronization with the nega-
tive edge timing of the doubled duty pulse signal D. Accord-
ingly, it is possible to make the on-intervals of the switching
currents of the master converter and the slave converter iden-
tical to each other.

In the first embodiment, as explained above, it is preferable
to use the control circuit 605 in accordance with the specifi-
cation of the input-output voltages of the power supply such
that switching operation is performed with the duty of the
master drive pulse signal A that is less than 50%. It is not
preferable to use the control circuit 605 in accordance with
the specification of the input-output voltages of the power
supply such that switching operation is performed with the
duty of the master drive pulse signal A that is greater than or
equal to 50%. FIG. 7 is a timing chart illustrating operation in
a case where the control circuit 604 is used in accordance with
the specification of the input-output voltages of the power
supply such that switching operation is performed with the
duty of the master drive pulse signal A that is greater than or
equalto 50%. As shown in FIG. 7, it is not impossible to make
the time intervals of the master drive pulse signal A and the
slave drive pulse signal G identical (including substantially
identical) to each other. Consequently, the interleaved power
supply 1 shown in FIG. 1 including, for example, multiple
converters that perform boost-chopping on a rectified output
of'a commercial power source cannot reliably achieve critical
current operation on the slave converter 80 side.

Accordingly, if the control circuit 605 is used in accor-
dance with the specification of the input-output voltages of
the power supply such that switching operation is performed
with the duty of the master drive pulse signal that is greater
than or equal to 50%, it is preferable to use a control circuit
605 as a second embodiment explained hereinafter.

Configuration of Control Circuit 605 as Second
Embodiment

Next, a configuration of the control circuit 605 (second
embodiment) is explained with reference to FIG. 8.

FIG. 8is acircuit diagram illustrating a configuration of the
control circuit 605 according to the second embodiment of
the present invention. The control circuit 605 shown in FIG. 8
is applied to the interleaved power supply having the master-
slave relationship as shown in FIG. 1.

The control circuit 605 according to the second embodi-
ment of the present invention includes: a master converter
including a master switch that performs switching operation;
and a slave converter including a slave-switch that performs
switching operation while maintaining a predetermined
phase difference with respect to the switching operation of the
master switch. The control circuit 6054 is a control circuit that
controls the switching operation of the slave switch used for
an interleaved power supply including master and slave con-
verters having the master-slave relationship.

As shown in FIG. 8, the control circuit 605 according to the
second embodiment includes: the clock generator 110; a
divided signal doubler 200; an edge pulse generator 250; and
the slave drive pulse generator 180. Regarding the control
circuit 605 according to the second embodiment, the signal
doubler 120 and the edge pulse generator 150 which are
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included in the control circuit 605 of the first embodiment are
respectively replaced with the divided signal doubler 200 and
the edge pulse generator 250. The clock generator 110 and the
slave drive pulse signal generator 180 have similar configu-
rations to those of the first embodiment. For this reason,
explanations of configurations and operations of the clock
generator 110 and the slave drive pulse signal generator 180
are omitted here.

The divided signal doubler 200 is configured to generate a
master switch on-interval pulse signal C indicating informa-
tion concerning the on-interval of the master switch Q1,
based on the master drive pulse signal A that switch-drives the
master switch Q1 of the master converter 70 and the clock
pulse B. Then, the divided signal doubler 200 is configured to
generate n divided signals each having a frequency and a duty
ratio which are 1/n times (where n is an integer that is 2 or
more) those of the master switch on-interval pulse signal C.
Then, the divided signal doubler 200 is configured to generate
doubled duty pulse signals D1 and D2 each having a duty that
is double that of each of the divided signals.

The divided signal doubler 200 includes, for example: a
master switch on-interval pulse generation circuit 130; a
divider circuit 220; and a doubled duty pulse signal genera-
tion circuit 240. The master switch on-interval generation
circuit 130 in the divided signal doubler 200 can be easily
designed if constituted by, for example, a D flip-flop 131. A
configuration is made such that a master drive pulse signal A
is input to a first input terminal D of the D flip-flop 131, and
a clock pulse B generated by the clock generator 110 is input
to a second input terminal CLK. Additionally, an output ter-
minal Q of the D flip-flop 131 is coupled to the divider circuit
220.

The divider circuit 220 includes, for example: a D flip-flop
221; an AND circuit 222; and an AND circuit 223. A configu-
ration is made such that an inverted signal of the output of an
output terminal Q of the D flip-flop 221 is input to a first input
terminal D of the D flip-flop 221.

A configuration is made such that the output terminal Q of
the D flip-flop 221 and the master switch on-interval pulse
signal C are input to an input terminal of the AND circuit 222,
an output of the AND circuit 222 is coupled to the doubled
duty signal generator 240, and a first divided pulse signal 11 is
output from the output terminal of the AND circuit 222. A
configuration is made such that the inverted signal of the
output of the output terminal Q of the D flip-flop 221 and the
master switch on-interval pulse signal C are input to an input
terminal of the AND circuit 223, an output of the AND circuit
223 is coupled to the doubled duty signal generation circuit
240, and a second divided pulse signal 12 is output from the
output terminal of the AND circuit 223.

The doubled duty pulse signal generation circuit 240
includes, for example: a first up-down counter 241; a second
up-down counter 243; an OR circuit 242; and an OR circuit
244. A configuration is made such that the first divided pulse
signal I1 generated by the divider circuit 220 is input to a first
input terminal UP/DOWN of the up-down counter 241, and
the clock pulse B generated by the clock generator 110 is
input to a second input terminal CLK of the up-down counter
241.

Further, a counter output Q of the up-down counter 241 is
coupled to an input of the OR circuit 242. An output of the OR
circuit 242 is coupled to a second edge pulse signal generation
circuit 270 in the edge pulse generator 250. A configuration is
made such that the second divided pulse signal 12 generated
by the divider circuit 220 is input to a first input terminal
UP/DOWN of the up-down counter 243, and the clock pulse



US 9,160,243 B2

19

B generated by the clock generator 110 is input to a second
input terminal CLK of the up-down counter 243.

Additionally, a counter output Q of the up-down counter
243 is coupled to an input of the OR circuit 244. An output of
the OR circuit 244 is coupled to a third edge pulse signal
generation circuit 280 in the edge pulse generator 250. The
up-down counters 241 and 243 are configured to generate a
first doubled duty pulse signal D1 and a second doubled duty
pulse signal D2 which respectively have time intervals double
those of the first divided pulse signal I1 and the second
divided pulse signal 12, based on the input divided pulse
signals 11 and 12 and the input clock pulse B.

Similar to the edge pulse generator 150 in the control
circuit 605 according to the first embodiment of the present
invention, the edge pulse generator 250 is configured to gen-
erate a first edge pulse signal E based on the master drive
pulse signal A, and generate a second edge pulse signal J
based on the doubled duty pulse signal. A configuration is
made such that the doubled duty pulse signals are generated
by the doubled duty signal generation circuit 240 as the
doubled duty pulse signal D1 and the doubled duty pulse
signal D2, which are input to the edge pulse generator 250.

The edge pulse generator 250 includes, for example: a first
edge pulse signal generation circuit 160; a second edge pulse
signal generation circuit 270; a third edge pulse signal gen-
eration circuit 280; and an OR circuit 290. A configuration is
made such that the doubled duty pulse signal D1 and the
doubled duty pulse signal D2 are input to the input terminals
of'the second edge pulse signal generation circuit 270 and the
third edge pulse signal generation circuit 280. Output termi-
nals of the second edge pulse signal generation circuit 270
and the third edge pulse signal generation circuit 280 are
coupled to an input of the OR circuit 290.

An output terminal of the OR circuit 290 is coupled to the
slave drive pulse generator 180. A configuration is made such
that a second edge pulse signal J is output from the output
terminal of the OR circuit 290. In other words, the control
circuit 605 having the configuration shown in FIG. 8 is con-
figured such that the edge pulse generator 250 is configured to
generate the first edge pulse signal E based on the master drive
pulse signal A, and further generate the second edge pulse
signal J based on the first doubled duty pulse signal D1 and
the second doubled duty pulse signal D2.

Here, as explained above, a configuration is made such that
the first edge pulse signal E is generated is generated n syn-
chronization with the negative edge timing of the master drive
pulse signal A or the timing of the clock pulse B that first
occurs after the negative edge timing of the master drive pulse
signal A. A configuration may be made as shown in FIG. 8 in
order for the first edge pulse signal E to be generated in
synchronization with the negative edge timing of the master
drive pulse signal A. Additionally, a configuration may be
made as shown in FIG. 10 in order for the first edge pulse
signal E to be generated in synchronization with the timing of
the clock pulse B that first occurs after the negative edge
timing of the master drive pulse signal A.

A configuration is made such that the second edge pulse
signal J is generated in synchronization with the negative
edge timings of the doubled duty pulse signals D1 and D2.

Here, the above clock generator 110, the divided signal
doubler 200, the edge pulse generator 250, and the slave drive
pulse signal generator 180 respectively correspond to a clock
generator, a divided signal doubler, an edge pulse generator,
and a slave drive pulse signal generator of the present inven-
tion. The above first doubled duty pulse signal D1 and the
second doubled duty pulse signal D2 correspond to doubled
duty pulse signals of the present invention. Additionally, the
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above first divided pulse signal 11 and the second divided
pulse signal 12 corresponds to divided signals according to the
present invention.

Operation of Control Circuit 605 as Second
Embodiment

Subsequently, operation of the control circuit 605 as the
second embodiment is explained with reference to FIGS. 9 to
11.

FIG. 9 is a timing chart illustrating the operation of the
control circuit 605 as the second embodiment. A, B, C, D1,
D2,E,F1,F2, G, H, 11,12, and ] shown in FIG. 9 respectively
show voltage waveforms of the master drive pulse signal A,
the clock pulse B, the master switch on-interval pulse signal
C, the first doubled duty pulse signal D1, the second doubled
duty pulse signal D2, the first edge pulse signal E, a signal F1
output from the second edge pulse signal generation circuit
270, a signal F2 output from the third edge pulse signal
generation circuit 280, the slave drive pulse signal G, a signal
H output from the D flip-flop 221, the first divided pulse
signal I1, the second divided pulse signal 12, the second edge
pulse signal J.

FIG. 11 is a timing chart illustrating the operation of the
control circuit 605 shown in FIG. 10. A, B, C, D1, D2, E, F1,
F2, G, H, 11, 12, and J shown in FIG. 11 respectively show
voltage waveforms of the master drive pulse signal A, the
clock pulse B, the master switch on-interval pulse signal C,
the first doubled duty pulse signal D1, the second doubled
duty pulse signal D2, the first edge pulse signal E, the signal
F1 output from the second edge pulse signal generation cir-
cuit 270, the signal F2 output from the third edge pulse signal
generation circuit 280, the slave drive pulse signal G, the
signal H output from the D flip-flop 221, the first divided
pulse signal 11, the second divided pulse signal 12, and the
second edge pulse signal J, which are shown in FIG. 10.

The master drive pulse signal A shown in FIG. 11 is syn-
chronized with a signal that drive-controls the master switch
Q1 shown in FIG. 1. Additionally, the clock pulse B shown in
FIG. 3 is set to be, for example, a pulse of the frequency of 15
MHz. The master switch on-interval pulse signal C is gener-
ated as a signal indicating information concerning the on-
interval of the master switch Q1. When the D flip-flop 131 is
used as the master switch on-interval pulse generation circuit
130, the D flip-flop 131 is configured such that an input value
of'the terminal D at the positive edge timing of the clock pulse
input to the CLK terminal is output to the terminal Q.

From time t1 to time t4 shown in FIG. 11, for example, the
master switch on-interval pulse C changes from LOW to
HIGH at the positive edge timing of the clock pulse B (time 12
shown in FIG. 9) that first occurs after the time when the
master drive pulse signal A becomes HIGH (time t1 shown in
FIG. 9). Then (after time t2 shown in FIG. 9), the master
switch on-interval pulse C changes from HIGH to LOW at,
for example, the positive edge timing of the clock pulse B
(time t4 shown in FIG. 9) that first occurs after the time when
the master drive pulse signal A becomes LOW (time t3 shown
in FI1G. 9).

Thus, the divided signal doubler 200 generates the master
switch on-interval pulse signal C indicating information con-
cerning the on-interval of the master switch Q1, based on the
master drive pulse signal A and the clock pulse B.

When the divider circuit 220 in the divided signal doubler
200 is constituted by, for example, the D flip-flop 221, the
AND circuit 222, and the AND circuit 223, as shown in FIG.
8, the D flip-flop 221 is configured such that an input value
HIGH of the terminal D is output to the output terminal Q at
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the timing at which the input value of the terminal D is HIGH
and the input value of the terminal CLK changes from LOW
to HIGH (time t2 shown in FIG. 9), and the value of the output
Q is maintained until at the timing at which the input value of
the terminal CLK is changed from LOW to HIGH again (time
t5 shown in FIG. 8) (H shown in FI1G. 9).

Additionally, the output Q of the D flip-flop 221 is coupled
to one of the input terminals of the AND circuit 222, and an
inverted signal of the output Q of the D flip-flop 221 is
coupled to one of the input terminals of the AND circuit 223.
For this reason, the signals output from the AND circuit 222
and the AND circuit 223 are the first divided pulse signal 11
and the second divided pulse signal 12 into which the pulse as
the information concerning the on-interval of the master
switch Q1 is alternately sorted.

Accordingly, for example, the HIGH pulse of the master
switch on-interval pulse signal C from time 12 to time t4 is
synchronized with the HIGH pulse of the first divided pulse
signal 11 from time t2 to time t4, and is output as the first
divided pulse signal I1. The HIGH pulse of the master switch
on-interval pulse signal C from time t5 to time t8 is synchro-
nized with the HIGH pulse of the second divided pulse signal
12 from time t5 to time t8, and is output as the second divided
pulse signal 12.

When the duty pulse signal generation circuit 240 in the
divided signal doubler 200 is constituted by, for example, the
first up-down counter 241, the second up-down counter 243,
the OR circuit 242, and the OR circuit 244, as shown in FIG.
8, the first up-down counter 241 is configured such that sig-
nals are output from terminals QO0, Q1, Q2, Q3, ..., Qn
associated with the respective pulses input to the terminal
CLK, and input to the OR circuit 242 in the interval in which
aninput value of the terminal UP/DOWN is HIGH (from time
12 to time t4 shown in FIG. 9), and thus the clock pulse B is
counted up. For this reason, the first doubled duty pulse signal
D1 is HIGH in the interval in which the input value of the
terminal UP/DOWN is HIGH (from time t2 to time t4 shown
in FIG. 8).

Then, after the time at which the input value of the terminal
UP/DOWN changes from HIGH to LOW (time t4 shown in
FIG. 9), the first up-down counter 241 counts down the clock
pulse B by the same count number as the count number by
which the clock pulse B has been counted up in the interval in
which the input value of the terminal UP/DOWN is HIGH
(from time 12 to time t4 shown in FIG. 9). For this reason, the
first doubled duty pulse signal D1 is HIGH in the same inter-
val (interval T1 shown in FIG. 9) as the interval in which the
input value of the terminal UP/DOWN is HIGH (from time t2
to time t4 shown in FIG. 9). Consequently, the first doubled
duty pulse signal D1 is a HIGH signal having the time interval
(interval T2 shown in FIG. 9) that is double that of the first
divided pulse signal 11 (interval T1 shown in FIG. 9).

Operations of the second up-down counter 243 and the OR
circuit 244 are similar to those of the first up-down counter
241 and the OR circuit 242. The OR circuit 244 outputs the
second doubled duty pulse signal D2 having the time interval
(interval T4 shown in FIG. 9) that is double that of the second
divided pulse signal 12 (interval T3 shown in FIG. 9) input to
the terminal UP/DOWN.

Thus, the divided signal doubler 200 generates the n
divided signals (the first divided pulse signal I1 and the sec-
ond divided pulse signal 12) each having the frequency and
the duty ratio which are 1/n times (for example, n=2) those of
the master switch on-interval pulse signal C, and generates
the doubled duty pulse signals D1 and D2 each having the
duty that is double that of each of the divided signals.

The edge pulse generator 250 shown in FIG. 8 generates
the first edge pulse signal E based on the master drive pulse
signal A, and generates the second edge pulse signal J based
on the first doubled duty pulse signal D1 and the second
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doubled duty pulse signal D2. The edge pulse generator 250
shown in FIG. 10 generates the first edge pulse signal E based
on the master switch on-interval pulse C, and generates the
second edge pulse signal J based on the first doubled duty
pulse signal D1 and the second doubled duty pulse signal D2.

In the case of the configuration shown in FIG. 8, the first
edge pulse signal E is generated in synchronization with the
negative edge timing of the master drive pulse signal A (time
t3 shown in FIG. 9). Additionally, in the case of the configu-
ration shown in FIG. 10, the first edge pulse signal E is
generated in synchronization with the timing of the clock
pulse B (time t4 shown in FIG. 11) that first occurs after the
negative edge timing of the master drive pulse signal A (time
3 shown in FIG. 11).

The second edge pulse signal J is generated in synchroni-
zation with the negative edge timings of the first doubled duty
pulse signal D1 and the first doubled duty pulse signal D2
(time t6 and time t10 shown in FIG. 8).

The slave drive pulse signal generator 180 generates the
slave drive pulse signal G based on the first edge pulse signal
E and the second edge pulse signal J. In the case of the
configuration shown in FIG. 8, the slave drive pulse signal G
is a HIGH level signal having a start point at the timing at
which the first edge pulse signal E occurs (time t3 shown in
FIG. 9) and an end point at the timing at which the second
edge pulse signal J occurs (time t6 shown in FIG. 9). Addi-
tionally, in the case of the configuration shown in FIG. 11, the
slave drive pulse signal G is a HIGH level signal having a start
point at the timing at which the first edge pulse signal E occurs
(time t4 shown in FIG. 11) and an end point at the timing at
which the second edge pulse signal J occurs (time t6 shown in
FIG. 11).

Here, in the control circuit 605 shown in FIG. 10, the end
point of the master switch on-interval pulse signal C (time t4
shown in FIG. 11) is synchronized with the timing of the
clock pulse B. For this reason, it is possible to generate the
slave drive pulse signal G more accurately than in the case of
using the method of generating the first edge pulse E in
synchronization with the negative edge timing of the master
drive pulse signal A (time t3 shown in FIG. 11). Specifically,
it is possible to make the master drive pulse signal A approxi-
mate the slave drive pulse signal G by the interval AT shown
in FIG. 11.

As explained above, according to the second embodiment,
the clock generator 110 generates the clock pulse B having a
predetermined frequency. Additionally, the divided signal
doubler 200 generates the master switch on-interval pulse
signal C indicating the information concerning the on-inter-
val of the master switch Q1, based on the master drive pulse
signal A that switch-drives the master switch Q1 of the master
converter 70 and the clock pulse B. Thus, the divided signal
doubler 200 generates the n divided signals (the first divided
pulse signal 11 and the second divided pulse signal 12) each
having the frequency and the duty ratio which are 1/n times
(for example, n=2) those of the master switch on-interval
pulse signal C, and generates the doubled duty pulse signals
(the first doubled duty pulse signal D1 and the second doubled
duty pulse signal D2) each having the duty that is double that
of'each of the divided signals. Further, the edge pulse genera-
tor 250 generates the first edge pulse signal E based on the
master drive pulse signal A, and generates the second edge
pulse signal J based on the doubled duty pulse signals. Based
on the first edge pulse signal E and the second edge pulse
signal J, the slave drive pulse signal generator 180 generates
the slave drive pulse signal G that switch-drives the slave
switch Q2 so that the on-interval of the slave switch is iden-
tical to the on-interval of the master switch. For this reason, it
is possible to make the on-intervals of the switching currents
of the master converter 70 and the slave converter 80 substan-
tially identical to each other even when the duty of the switch-
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ing operation of the master converter 70 varies. Thus, it is
possible to easily achieve the interleaved power supply that is
unlikely to be affected by a variation among components and
are suitable for mass production.

Additionally, according to the second embodiment, the
first edge pulse signal E is generated in synchronization with
the negative edge timing of the master drive pulse signal A or
the timing of the clock pulse B that first occurs after the
negative edge timing of the master drive pulse signal A.
Accordingly, it is possible to accurately and reliably make the
on-intervals of the switching currents of the master converter
70 and the slave converter 80 substantially identical to each
other even when the duty of the switching operation of the
master converter 70 varies. Particularly, the method of gen-
erating the first edge pulse signal E in synchronization with
the timing of the clock pulse B that first occurs after the
negative edge timing of the master drive pulse signal A is a
method such that the end point of the master drive pulse signal
A is synchronized with the timing of the clock pulse. For this
reason, it is possible to generate the slave switching drive
pulse signal G more accurately than in the case of using the
method of generating the first edge pulse signal E in synchro-
nization with the negative edge timing of the master drive
pulse signal A.

Further, according to the second embodiment, the second
edge pulse signal J is generated in synchronization with the
negative edge timings of the doubled duty pulse signals D1
and D2. Accordingly, it is possible to make the on-intervals of
the switching currents of the master converter 70 and the slave
converter 80 substantially identical to each other even when
the duty of the switching operation of the master converter 70
varies.

Although embodiments of the present invention have been
explained above, the present invention is not limited to the
above embodiments, and various modifications and applica-
tions may be made without departing from the scope of the
present invention.

DESCRIPTION OF REFERENCE NUMERALS

1: interleaved power supply

10: rectifier circuit

20: transformer

60a, 605, 60c: control circuit

70: master converter

80: slave converter

110: clock generator

120: signal doubler

130: master switch on-interval pulse generation circuit
140: doubled duty pulse signal generator

150: edge pulse generator

160: first edge pulse signal generation circuit
170: second edge pulse signal generation circuit
180: slave drive pulse signal generator

200: divided signal doubler

220: divider circuit

240: doubled duty pulse signal generation circuit
250: edge pulse generator

The invention claimed is:

1. A control circuit for an interleaved power supply, the
interleaved power supply comprising: a master converter
including a master switch configured to perform switching
operation; and a slave converter including a slave switch
configured to perform switching operation while maintaining
a predetermined phase difference with respect to the switch-
ing operation of the master switch, the master converter and
the slave converter having a master-slave relationship, the
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control circuit being configured to control the switching
operation of the slave switch, the control circuit comprising:

a clock generator configured to generate a clock pulse
having a predetermined frequency;

a signal doubler configured to generate a master switch
on-interval pulse signal indicating information concern-
ing an on-interval of the master switch based on the
clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, and
generate a doubled duty pulse signal having a duty that
is double that of the master switch on-interval pulse
signal;

an edge pulse generator configured to generate a first edge
pulse signal based on the master drive pulse signal, and
generate a second edge pulse signal based on the
doubled duty pulse signal; and

a slave drive pulse signal generator configured to generate,
based on the first edge pulse signal and the second edge
pulse signal, a slave drive pulse signal that switch-drives
the slave switch so that an on-interval of the slave switch
is identical to an on-interval of the master switch.

2. The control circuit according to claim 1, wherein the first
edge pulse signal is generated in synchronization with a nega-
tive edge timing of the master drive pulse signal or a timing of
the first clock pulse after the negative edge timing of the
master drive pulse signal.

3. The control circuit according to claim 1, wherein the
second edge pulse signal is generated in synchronization with
a negative edge timing of the doubled duty pulse signal.

4. An interleaved power supply comprising:

a control circuit;

a master converter including a master switch configured to

perform switching operation; and

a slave converter including a slave switch configured to
perform switching operation while maintaining a prede-
termined phase difference with respect to the switching
operation of the master switch,

the master converter and the slave converter have a master-
slave relationship, and

the control circuit comprises:

a clock generator configured to generate a clock pulse
having a predetermined frequency;

a signal doubler configured to generate a master switch
on-interval pulse signal indicating information concern-
ing an on-interval of the master switch based on the
clock pulse and a master drive pulse signal that switch-
drives the master switch of the master converter, and
generate a doubled duty pulse signal having a duty that
is double that of the master switch on-interval pulse
signal;

an edge pulse generator configured to generate a first edge
pulse signal based on the master drive pulse signal, and
generate a second edge pulse signal based on the
doubled duty pulse signal; and

a slave drive pulse signal generator configured to generate,
based on the first edge pulse signal and the second edge
pulse signal, a slave drive pulse signal that switch-drives
the slave switch so that an on-interval of the slave switch
is identical to an on-interval of the master switch.

5. A control circuit for an interleaved power supply, the
interleaved power supply comprising: a master converter
including a master switch configured to perform switching
operation; and a slave converter including a slave switch
configured to perform switching operation while maintaining
a predetermined phase difference with respect to the switch-
ing operation of the master switch, the master converter and
the slave converter having a master-slave relationship, the
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control circuit being configured to control the switching
operation of the slave switch, the control circuit comprising:

a clock generator configured to generate a clock pulse
having a predetermined frequency;

a divided signal doubler configured to: generate a master
switch on-interval pulse signal indicating information
concerning an on-interval of the master switch based on
the clock pulse and a master drive pulse signal that
switch-drives the master switch of the master converter;

generate n divided signals each having a frequency and a
duty ratio that are 1/n times those of the master switch
on-interval pulse signal (where n is an integer that is 2 or
more), and generate doubled duty pulse signals each
having a duty that is double that of each of the divided
signals;

an edge pulse generator configured to generate a first edge
pulse signal based on the master drive pulse signal, and
generate a second edge pulse signal based on the
doubled duty pulse signals; and

a slave drive pulse signal generator configured to generate,
based on the first edge pulse signal and the second edge
pulse signal, a slave drive pulse signal that switch-drives
the slave switch so that an on-interval of the slave switch
is identical to an on-interval of the master switch.

6. The control circuit according to claim 5, wherein the first

edge pulse signal is generated in synchronization with an
negative edge timing of the master drive pulse signal or a

timing of'the first clock pulse after the negative edge timing of

the master drive pulse signal.

7. The control circuit according to claim 5, wherein the
second edge pulse signal is generated in synchronization with
negative edge timings of the doubled duty pulse signals.
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8. An interleaved power supply comprising:

a control circuit;

a master converter including a master switch configured to
perform switching operation; and

a slave converter including a slave switch configured to
perform switching operation while maintaining a prede-
termined phase difference with respect to the switching
operation of the master switch,

wherein the master converter and the slave converter have
a master-slave relationship, and

the control circuit comprises:

a clock generator configured to generate a clock pulse
having a predetermined frequency;

a divided signal doubler configured to: generate a master
switch on-interval pulse signal indicating information
concerning an on-interval of the master switch based on
the clock pulse and a master drive pulse signal that
switch-drives the master switch of the master converter;
generate n divided signals each having a frequency and
a duty ratio that are 1/n times those of the master switch
on-interval pulse signal (where n is an integer that is 2 or
more), and generate doubled duty pulse signals each
having a duty that is double that of each of the divided
signals;

an edge pulse generator configured to generate a first edge
pulse signal based on the master drive pulse signal, and
generate a second edge pulse signal based on the
doubled duty pulse signals; and

a slave drive pulse signal generator configured to generate,
based on the first edge pulse signal and the second edge
pulse signal, a slave drive pulse signal that switch-drives
the slave switch so that an on-interval of the slave switch
is identical to an on-interval of the master switch.
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